Innate Lymphoid Cells: Of Precursors and Products.
Recent reports have identified committed innate lymphoid cell (ILC) precursors and tissue-resident ILC subsets that have unique functional attributes. Taken together, these studies provide a framework for understanding how distinct ILCs are generated during hematopoiesis and further suggest additional parallels between models of ILC and T helper cell differentiation.
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The discovery of novel T helper cell subsets -Th17, Th9, Th22, regulatory and follicular helper T cells -that extended Mosmann's Th1/Th2 paradigm was accompanied by an explosion of research into the mechanisms that control T helper cell differentiation. In a similar way, the recent description of distinct innate lymphoid cell (ILC) subsets that specialize in rapid cytokine secretion has sparked an active interest in trying to decipher the molecular pathways that orchestrate ILC differentiation. Two recent reports [1, 2] now provide important clues to how ILC diversification is achieved by identifying ILC precursors in fetal and adult life and by characterizing peculiar 'tissue-resident' ILCs.
ILCs comprise a relatively poorly characterized branch of the lympho-hematopoietic tree. These cells are composed of several distinct groups of rapidly responding effector cells that have important roles in defense at barrier surfaces, as well as roles in tissue homeostasis and repair after infection or inflammation [3] . Group During lymphocyte development, pluripotent hematopoietic stem cells successively shed erythroid and myeloid potentials to give rise to common lymphoid progenitors (CLPs) that can generate B and T cells of the adaptive immune system as well as all known ILC subsets. Previous studies had identified more restricted lymphoid precursors that, like CLPs, do not express mature lymphocyte cell surface markers but do express receptors for stem cell factor and IL-7. Within this population, a subset that expresses the integrins a4b7 has lost B and T cell potential, but retains the capacity to generate NK cells and lymphoid tissue-inducer (LTi) cells [4] [5] [6] . Based on this knowledge, it was a good bet that this population would contain the elusive ILC precursor. The problem: how to identify it?
In one of the two new studies, Andreas Diefenbach's group [1] made use of the fact that all known ILC subsets require expression of Id2 (inhibitor of DNA binding 2), a transcription factor that regulates E protein activity (reviewed in [7] ). Using Id2 reporter mice [8] , this group found and characterized a rare Id2 + a4b7 + Lin 2 IL-7Ra + population in the bone marrow of normal mice that, after adoptive transfer to mice, was able to generate an unusual CD49a + NK ILC1 subset (more below), ILC2 cells and ILC3 cells (including both LTi and NKp46 + subsets), but not myeloid, B, T or NK cells [1] . This precursor population was denoted ChILP (for common helper ILC precursor) and could generate multiple ILC subsets in vitro after extended culture of single ChILP on OP9 stromal cells expressing the Notch1 delta-like ligand 1. Thus, this ChILP population fulfills the criteria for committed ILC precursors (Figure 1) . Albert Bendelac's group has a long-standing interest in another innate lymphocyte subset, the NK-T cell. This group demonstrated that the transcription factor Zbtb16 (also known as promyelocytic leukaemia zinc finger, PLZF) was a critical factor in NK-T cell differentiation [9] and recently created PLZF fate-mapping reporter (PLZF CreGFP ) mice that can identify cells that have expressed PLZF in their past history [2] . While characterizing PLZF CreGFP mice, this group found that, although NK-T cells expressed GFP + RORgt + cells that appear to be related to the ILC3 subset [2, 10] . In contrast, the ChILP population expressed PLZF (but not GATA-3) and was apparently devoid of Rorcexpressing cells [1] . The different approaches used in the two studies -intracellular protein staining versus fluorescent reporters -may explain these inconsistencies, but it could indicate that the ChILP population harbors several distinct precursors with differing ILC potentials.
Another intriguing question is why these committed ILC precursor populations have little, if any, in vivo NK cell potential? The simple answer may be that NK cells are not 'true' ILCs and that their committed precursors and developmental pathways are unique and different from other ILCs. Still, NK cells critically rely on Id2 [11, 12] , are derived from IL-7Ra + CLPs in vivo [13] , and some NK cells are fate-mapped in PLZF CreGFP mice [2] , suggesting a link with these newly described ILC precursors. Another difficulty in addressing NK cell fate is that NK cells are not a single lineage, but include several developmentally distinct subsets that have different phenotypic markers, functional attributes and tissue localizations [14, 15] . Several transcription factors drive the development of NK cell diversity, including Nfil3, GATA-3, Tbx21, and Eomes (reviewed in [16] These observations leave open the possibility that additional NK cell-restricted ILC precursors exist that may express levels of Id2 or PLZF that are not revealed by the reporter mice used in these studies.
These recent reports add substantially to our understanding of the developmental pathways that generate diverse ILC subsets from lympho-hematopoietic precursors.
The isolation of ILC precursors should facilitate the identification of the molecular signatures that are associated with ILC commitment and may provide new clues to understand the process of ILC subset specification that clearly generates phenotypic and functional diversity between and within different ILC groups. As ILC diversification may be considered an evolutionary predecessor to adaptive T helper cell differentiation, these molecular clues could provide new ways to consider the driving forces behind adaptive immune responses.
